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PRELIMINARY DESIGN OF TITANIUM DIOXIDE PLANT 
FROM ILMENITE 
CAPACITY OF 50,000 TONS/YEAR 
Abstrak 
Titanium dioksida kebanyakan digunakan oleh industri kimia 
sebagai pigmen dalam produksi fiber, cat, kosmetik, dan polimer. Pabrik 
titanium dioksida di desain dengan kapasitas 50.000 ton/tahun. Pabrik 
titanium dioksida di rencanakan akan dibangun pada tahun 2020 di pulau 
Bangka Belitung.  Lokasi pabrik dekat dengan ilmenite sebagai bahan baku. 
Pemasaran titanium dioksida untuk memenuhi kebutuhan dalam negeri. 
Dengan mereaksikan ilmenite dan klorin (Cl2) untuk membentuk 
titanium tetraklorida (TiCl4), menggunakan kokas sebagai agen reduksi di 
dalam reaktor fluidized bed. Reaktor beroperasi secara kontinyu pada suhu 
900℃ dan  tekanan 1 atm. Kemudian, keluaran dari reaktor 1 akan di 
murnikan sebelum di umpankan ke dalam reaktor 2, dengan reaktor bertipe 
fluidized bed yang beroperasi secara kontinyu pada suhu 1000℃ dan 
tekanan 1 atm. Di reaktor 2, reaksi antara titanium tetraklorida (TiCl4) dan 
udara panas akan menghasilkan titanium dokosida dan gas klorin, kemudia 
gas klorin (Cl2) akan di recycle ke reaktor 1. Produksi titanium dioksida 
sebanyak 50.000 ton/tahun, membutuhkan bahan baku ilmenite sebanyak 
18314,8573 kg/jam, gas klorin sebanyak 27472,2860 kg/jam dan kokas 
sebanyak 4578,7143 kg/jam, dengan produk samping besi (III) klorida 
(FeCl3) sebanyak 1655,6602 kg/jam. Untuk air proses didapatkan dari 
sungai Manggar sebanyak 29,9064 m
3
/jam. Listrik sebanyak 639,7765 Kw, 
dan bahan bakar sebanyak 2394 L/h. 
Hasil dari analisa ekonomi didapatkan modal tetap sebesar 
617.308.652.185,6490 IDR; modal kerja sebesar 317.932.683.253,9200 
IDR; dan total harga produk sebesar 2.032.787.067.878,7600 IDR. Dari 
hasil analisa kelayakan didapatkan hasil ROI sebelum pajak 69,1261% dan 
setelah pajak 49.3404%. POT sebelum pajak 1.2638 tahun dan setelah pajak 
1.6852 tahun, BEP sebesar 44,6073%; SDP sebesar 33,1827% dan IRR 
sebesar 56,8817% 
Kata kunci: Titanium dikosida, ilmenite, reaktor fluidized bed 
 
Abstract 
Titanium dioxide is mostly used by the chemical industry as a pigment 
for the production of fiber, paint, cosmetics, and polymers. Titanium 
dioxide plant was designed with a capacity of 50,000 tons/year. Titanium 
dioxide plant is planned to be built in 2020 on the island of Bangka 
Belitung. Plant location is close to ilmenite as raw material sources. 
Marketing of titanium dioxide is to meet domestic demand 
By reacting ilmenite with chlorine (Cl2) to produce titanium 
tetrachloride (TiCl4), using coke as a reducing agent in a fluidized bed 
reactor. reactor operated continuously at 900 ℃ and 1 atm pressure. 
Furthermore, the output of reactor 1 will be purified before passing it to the 
reactor 2, with the type of fluidized bed reactor that operates continuously at 
temperatures of 1000 ℃ and 1 atm pressure. In reactor 2, the reaction 
between titanium tetrachloride (TiCl4) and hot air will produce titanium 
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dioxide and chlorine gas, then the chlorine (Cl2) will recycle back to the 
reactor 1. The production of titanium dioxide as much as 50,000 tons/year, 
requires raw materials ilmenite as much 18314.8573 kg/h, chlorine gas as 
much 27472.2860 kg/h and cokes as much 4578.7143 kg/h, as well as 
byproducts produced in the form of iron (III) chloride (FeCl3) as 
16555.6602 kg/h. For process water, obtained from Manggar river as much 
as 29.9064 m
3
/h, electricity needs as much 639.7765 Kw, and fuel oil 
2394.8983 L/h. 
The results of economic analysis of preliminary design of titanium 
dioxide plant obtained that the fixed capital of 617,308,652,185.6490 IDR; 
Working capital amounted to 317,932,683,253.9200 IDR; and total product 
cost 2,032,787,067,878.7600 IDR. from feasibility analysis results obtained 
ROI before tax 69.1261% and after-tax 49.3404%. POT before tax 1.2638 
years and after tax 1.6852 years, BEP 44.6073%; SDP 33.1827%. and IRR 
56.8817%. 




Entering the era of industrialization, required an industry that can 
provide a positive impact on the development of the industry in 
Indonesia. Industry titanium dioxide (TiO2) is one of it. Titanium 
dioxide is used in the paint industry (50%), plastic, fiber, ceramics 
(15%) and the remainder is used as catalyst materials.  
Industry mostly uses titanium dioxide as support material for 
strength similar to steel, but has a lighter weight than steel. Pigments 
are more often used in industry is rutile, because rutile TiO2 has several 
advantages, namely: refractive index, tinting strength, oil absorption 
(Hanaour, 2010). 
Based on data from the Ministry of Energy and Resources, 
Bangka Belitung province is one of the largest ilmenite owners in 
Indonesia. Tetragonal rutile and anatase tetragonal very widely used in 
various industries (Hanaour, 2010). 
2.2.Design Capacity 
In determining the design capacity based on several things, such 
as the minimum capacity of an existing plant and demand in the country. 




Table 1. Data Import of Titanium Dioxide in Indonesia (BPS, 2015) 





From the results of the review of existing plant capacity and 
absorption in the domestic market. we decided to make a titanium 
dioxide plant with a capacity of 50,000 tons / year. 
2. RESEARCH METHODOLOGY 
2.1.Process Selection 
There are two process to produces titanium dioxide: 
2.3.1. Chloride Process 
The chloride process begins with the conversion of high-grade ilmenite 
into titanium tetrachloride. Using chlorination process in fluidized bed 
chlorinator to produce titanium tetrachloride. Then will be purified with 
oxidation process to produce titanium dioxide 
2.3.2. Sulfate Process 
The sulfate process starts with dried and milled slag TiO2 being 
dissolved in sulfuric acid and water in a digester to produce titanyl 
sulfate liquor. The titanium liquor then is concentrated and hydrolyzed 
to titanium dioxide hydrate. After filtration, the hydrated titanium 
dioxide slurry is sent to a calciner, where the titanium dioxide crystals 
grow to their final crystalline size and residual water and H2SO4 are 
removed. 
Table 2. Comparison of titanium dioxide manufacture process 





FeSO4 formed in large quantities 
can cause environmental 
problems 
No form of waste in large quantities 
Product 
Quality 
Produce titanium dioxide 
anastase type of low quality 
Produce titanum dioxide rutile type 
of high quality.  
Reactor 1 
P = 3.5 atm 
T = 473.15 K 
Reactor 2 
P = 1 atm 
T = 363.15 K 
Reactor 1 
P = 1 atm 
T = 1173.15 K 
Reactor 2 
P = 1 atm 
T = 1273.15 K 
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Based on the above considerations, titanium dioxide plant will 
use the chloride process for titanium dioxide 
2.2.The Use of Product 
Titanium dioxide is used as a white pigment (in paints, plastics, 
rubber, paper), industrial ceramics, fiber, cosmetics, and also used as 
catalysts and photocatalysts.  
2.3.Plant Location 
The plant will be built in East Belitung. Factors affecting of the 
location of the plant on the island of Belitung, namely: Raw material 
sources, marketing, utility, labor and transportation. 
2.4.Process Step 
Production process of Titanium dioxide through three process 
units, raw materials preparation and storage unit, product formation unit, 
and finishing unit. 
2.4.1. Raw materials preparation and storage unit 
Raw material of chlorine (Cl2) is stored in cylindrical tank (F-112) 
with operating condition at temperature 30℃ and pressure 9 atm in 
liquid phase with the aims to minimize volume of tank used. Then, 
chlorine gas is passed into valve and change into gas phase then pressed 
until the pressure 1.2 atm as feed of Reactor (R-100). 
Raw material of ilmenite obtained from residue of tin mining of 
PT. Timah Tbk., ilmenite is stored in warehouse at operating condition 
with temperature 30℃ and pressure 1 atm, then messed using Ball Mill 
(C-114) until the size is 149 μm, then using Screw Conveyor (J-115) 
ilmenite distributed as Reactor feed (R-100). 
Air is taken from surrounding environment with the operating 
condition at temperature 30℃ and pressure 1 atm the pressed until 1.2 
atm using Blower (G-118) then is fed to the Reactor (R-100 
2.4.2. Product formation unit 
Titanium dioxide is produced from reaction between titanium 
dioxide ore in ilmenite with chlorine gas in reactor of TiCl4 formation 
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with type of Fluidized Bed Reactor (R-100) at temperature around 
900℃ and pressure 1 atm by adding the coke as reductant. 
Gas main stream products exit from reactor (R-100) then cooled in 
cooler (E-122) - (E-124) using dowtherm until temperature 420℃. Gas 
stream products have been cooled then purified to separate TiCl4 from 
other gas through condensation, so that product input to the partial 
condenser (E-216) cooled until temperature reach 170℃ where FeCl3 
will be condensed then cooled back until temperature reach 40℃, before 
input to partial condenser (E-315) the pressure of gas must be increase 
until reach 15 atm to separate it. Then input to the partial condenser (E-
315) the cooled until temperature 53.54℃, and TiCl4 will be condensed.  
The purified TiCl4 that have been condensed input to the 
Vaporizer (V-313) to be vaporized, then fed into oxidation reactor with 
type Fluidized Bed Reactor (R-200). In the reactor, gas phase of TiCl4 
then through oxidation reactions with oxygen at temperature 1000℃ and 
atmospheric pressure to form the Titanium dioxide and chlorine gas. 
2.4.3. Finishing unit 
Titanium dioxide exit from Reactor (R-200) then cooled in Grate 
Cooler (E-223) until temperature 40˚C, then is stored in Silo (F-224). 
Before marketed, tested purity and its contents in laboratories unit then 









2.5.1. Basic of Reaction 
Titanium dioxide is produced from the reaction between titanium 
dioxide ore contained in ilmenite with chlorine gas in the fluidized bed 
reactor at a temperature of about 900°C at atmospheric pressure with the 
addition of coke as a reducing agent. The reaction occurs as follows: 
1. Coke Combustion Reaction 
C + ½O2            CO 
2. Ilmenite Chlorination Reaction 
TiO2 + 2Cl2 + CO    TiCl4 + 2CO2 
Fe2O3 + 3Cl2 + 3CO         2FeCl3 + 3CO2 
2.5.2. Thermodynamic Review 
The goal of thermodynamically review is to know the reaction 
characteristic (endothermic/ exothermic) and directions of the reaction 
(reversible/ irreversible). Determination of reaction heat in exothermic 
and endothermic can be calculated by the calculation of standard 
formation heat. 
Reaction in Chlorinator: 
ΔHreaction 298 K  = Σ ΔHf product - Σ ΔHf reactant     
 = (1.ΔH˚fTiCl4 + 2.ΔH˚fCO2) – (1.ΔH˚fTiO2 + 
2.ΔH˚fCl2 +  
1.ΔH˚fCO) 
= -494.99 kJ/mol 
Reaction in Burner: 
ΔHreaction 298 K  = Σ ΔHf product - Σ ΔHf reactant 
 = (1.ΔH˚fTiO2 + 2.ΔH˚fCl2) – (1.ΔH˚f TiCl4 + 
1.ΔH˚fO2) 
= -181.5 kJ/mol 
The value of ΔHreaction 298 K in Reactor 1 (R-100) and Reactor 2 (R-200) 
are negative so that the formation reaction and oxidation of titanium 




Calculate the value of the equilibrium constant at temperature 25˚C   
(298 K) 
Reaction in Chlorinator: 
ΔG298 K  = -R.T ln K 
Where: 
R = 8.314 J/ mole.K 
T = Temperature (K) 
K = equilibrium constant 
So, obtained the value of K: 
-489,120 J/ mole  = (-8.314 J/ mole.K) (298 K) ln K 
ln K  = 197.4191 




Calculate the value of the equilibrium constant using Van’t Hoff 
equation at temperature 900℃ (1173 K) 
       
      









)   
ln K1173  = 632.5497 




Reaction in Burner: 
ΔG298 K  = -R.T ln K  
ln K  = 65.5884 




Calculate the value of the equilibrium constant using Van’t Hoff 
equation at temperature 1000℃ (1273 K) 
       
      










ln K1273  = 210.1515 
K  = 1.8521 x 10
91
 




2.5.3. Kinetics Review 
Formation reaction of titanium dioxide from ilmenite through several 
step of reactions. 
1) Combustion reaction of coke using air (Nakasaka, 2012) 
rcc = kc.Cc.PO2 
Where: 
rcc  = The reduction reaction rate of carbon, mol/m
3
.s 





Cc  = The concentration of carbon, mol/m
3
 
PO2 = Partial pressure O2, Pa 
2) Reaction of ilmenite with Cl2 and outlet gas of coke combustion (Li-
Ping, 2013) 
 
   
 
  
   





    
Where: 
R = Reaction rate 
kg = mass transfer coefficient gas layer 
kr = mass transfer coefficient at the start of the reaction 
De = effective diffusivity of Cl2 in TiO2 particle 
Ro = Radius of particle 
ρs = Density of fluidized particle 
t = time 
b = 538 
c = 11873 
3) The formation of TiO2 takes place by the overall reaction of TiCl4 
with O2 (Spicer, 2002) 
ks=8.26          
    
 
  
C= the concentration of TiCl4, mol/cm
3
 
t = residence time, s 










3. RESULT AND DISCUSSION 
3.1.Equipment Specification 
3.1.1. Reactor 1 
Code    : R-100 
Function : The place for reacting of coke with 
hot air to form CO gas that reacts with 
ilmenite to form TiCl4 gas 
Amount    : 1 
Type    : Fluidized Bed Chlorinator 
Material    : Carbon Steel 212 Grade C + 
Firebrick 
Price    : 1,019,625.4154 US$ 
Operating Conditions 
 Temperature, ℃   : 900 
 Pressure, atm   : 1 
Head 
 Type    : Torisperical Dished Head 
 Height of Head Top, m  : 1.7395 
 Height of Head Bottom, m : 1.6762 
Expanded Section (Freeboard and TDH) 
 Height of TDH Coke Zone, m : 5.9674 
 Height of TDH Ilmenite Zone, m: 8.0460 
 Height of Freeboard, m  : 1.9540 
Diameter of Reactor, m   : 6.7050 
Total Height of Reactor, m  : 30.0490 
Thickness of Shell, in   : 5/16 
Thickness of Firebrick, m  : 0.3 
Air Inlet Pipe, m   : 0.4635 
Cl2 Inlet Pipe, m   : 0.5950 
Ilmenite Inlet Pipe, m   : 0.0278 
Coke Inlet Pipe, m   : 0.0331 
Product Outlet Pipe, m   : 1.4512 
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Ash Outlet Pipe, m   : 0.2812 
Pressure Drop Total, atm  : 3.9094 
Distribution Plate    
 Amount    : 54 
 Diameter, m   : 0.007 
3.1.2. Reactor 2 
Code    : R-200 
Function : The place for the reaction TiCl4 with 
hot air to produced TiO2 
Amount    : 1 
Type    : Fluidized Bed Chlorinator 
Material    : Carbon Steel 212 Grade C + 
Firebrick 
Price    : 793,041.9897 US$ 
Operating Conditions 
 Temperature, ℃   : 1000 
 Pressure, atm   : 1 
Head 
 Type    : Torisperical Dished Head 
 Height of Head Top, m  : 0.8981 
 Height of Head Bottom, m : 0.8981 
Expanded Section (Freeboard and TDH) 
 Height of TDH, m  : 1.0189 
 Height of Freeboard, m  : 1.9540 
Diameter of Reactor, m   : 3.5924 
Total Height of Reactor, m  : 23.3252 
Thickness of Shell, in   : 1/4 
Thickness of Firebrick, m  : 0.1000 
TiCl4 Inlet, m    : 0.3519 
Air Inlet, m    : 0.5947 
Gas Outlet, m    : 0.8158 
Product Outlet, m   : 0.3901 
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Pressure Drop Total, atm  : 1.3815 
Distribution Plate   
 Amount    : 32 
 Diameter, m   : 0.007 
3.2.Utility 
Process supporting unit is often called the utility unit that is an 
important part to support the production process in the plant. Process 
supporting unit contained within the plant of Titanium dioxide are: 
3.2.1. Water Supply Unit 
Water supply unit aims to provide water to be used as process water 
as much as 24,922.0207 kg/h, water consumption and sanitation water 
as much as 1,647.6505kg/h The source of water used is the water source 
of the Manggar River. 
3.2.2. Electricity Supply Unit 
This unit to fulfill the electricity needs for Titanium dioxide plant. 
The main electricity is supplied by PLN, and alternative power is a 
generator set to avoid interference might happen to PLN. With total 
electricity consumptions is 629.4216 kW, and input from generator is 
1300 kW 
3.2.3. Dowtherm Supply Unit 
Dowtherm supply unit aims to provide coolant to be used as 
cooling process. It will be used in the Heat Exchanger. The amount of 
need dowtherm as much 112,160.9866 kg/hr 
3.2.4. Fuel Supply Unit 
Fuel supply unit to provide fuel need to power up generator, the 
amount of diesel fuel needs is 2.7754 m
3
/h 
3.2.5. Compressed Air Supply Unit 
Compressed air is used to operate the instrumentation system. The 
air treatment is treatment that is free of water, dry, oil-free and it does 
not contain other particles. Compressed air is needed for pneumatic 
control device. The need for each tool pneumatic controls is around 28.2 
L/min (Considine, 1970). 
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3.2.6. Waste Treatment Unit 
Waste generated from titanium dioxide plant to be processed prior 
to waste treatment unit before being discharged into the environment. 
The waste can be classified into three, namely: solid waste, liquid waste, 
and gas waste 
3.3.Plant Management 
Name  : TiDiO Tbk 
Form  : Limited Liability Company (PT) 
Business Field : Titanium Dioxide Industry 
Location  : Belitung Timur 
The reasons the selection of companies based on several factors, 
including: 
a. Regulated law. 
b. Easy to get capitals by selling shares of the company. 
c. The responsibility of shareholder is limited, so that the fluency 
production is only held by the company. 
d. The owners and executives of companies apart from one another, 
the owner of the company is the shareholder and management of 
the company is the directors and its staffs are supervised by 
commissioners. 
e. Continuity of the company is more secure because it does not 
affect the cessation of shareholder, directors or employees of the 
company and its staff. 
f. The efficiency of management. Shareholder is able to choose 
people who are experts in the board of commissioners and chief 
executive officer, especially a fairly capable and experienced. 
g. Business field broader. A Limited Liability Company (PT) can 
attract huge capital from the public, so that with this capital PT can 







Economic analysis is useful to determine whether the plant to be 
established can be profitable or not and feasible or not. The results of the 
economic feasibility analysis is as follows 
a. Profit before tax is 426,721,446,045.5700 IDR 
Profit after tax is 298,705,012,231.8990 IDR 
b. ROI (Return on Investment) before tax is 69.1261% 
ROI after tax is 49.3404 % 
ROI before tax. The minimum low risk of the plant is at 11% 
c. POT (Pay Out Time) before tax 1.2638 years 
POT after tax 1.6852 years 
POT before tax. The maximum low risk of the plant is 5 years 
d. BEP (Break Event Point) is at 44.6073% and SDP (Shut Down Point) 
is at 33.1827%. BEP for common chemical plant is around 40%-60% 
e. IRR (Internal Rate Return) is at 56.8817% 
 
Figure 2. Economic Analysis 
4. CONCLUSION 
Titanium Dioxide Plant from Ilmenite capacity of 50,000 tons / 
year plant is classified as high risk based on the operating condition. 
This is because the plant operates at high temperatures, around 1000℃. 
While based on the results of an economic evaluation were classified as 
low-risk plant. 
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